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(54) High-Q inductor for high frequency 

(57) A high-Q inductor for high frequency, having a 
plurality of inductor elements formed in a plurality of IC 
wiring layers with a connection formed therebetween. 
The directions of the magnetic fields generated by the 
respective inductor elements are substantially the 



same. With this construction, the section of the inductor 
is increased reducing the serial resistance component 
and an influence of a skin effect in a high-frequency 
range is eliminated increasing the Q value. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 5 

[0001] The present invention relates to an inductor 
having a high Q value for use in high frequency in a 
semiconductor integrated circuit (IC). 

10 

2. Description of the Related Art 

[0002] A conventional inductor will be described 
with reference to Figure 9. Referring to Figure 9, the ref- 
erence numeral 1 denotes an inductor section, 2 is 
denotes a drawing interconnect formed in the first layer, 
3 denotes a drawing interconnect formed in the second 
layer, 5 denotes a connection between the first and sec- 
ond layers, 7 denotes an interlayer film, and 8 denotes a 
smoothing film. 20 
[0003] That is, in the conventional inductor, the 
inductor section is constructed of a single layer and the 
second layer is used for the drawing interconnect for 
connection with other components. 

[0004] As one of characteristics of an inductor, it is 25 
generally known that in order to obtain a large induct- 
ance value, the line length of the inductor must be 
increased. 

[0005] With the above conventional construction, 
however, when the line length is increased in order to 30 
obtain a large inductance value, the serial resistance 
component increases due to the resistance of a wiring 
material constituting the inductor, resulting in lowering 
the Q value of the inductor. 

[0006] Further, the increased line length of the 35 
inductor tends to increase the size of the entire inductor. 

SUMMARY OF THE INVENTION 

[0007] In view of the above problems, an object of 40 
the present invention is to provide an inductor having a 
high Q value while suppressing the serial resistance 
from increasing. 

[0008] Another object of the present invention is to 

provide an inductor of which size is not increased even 4s 

when the line length thereof is increased. 

[0009] A high-Q inductor for high frequency of the 

first present invention is such inductor that one inductor 

has a plurality of inductor elements formed in a plurality 

of IC wiring layers respectively, and the directions of so 

magnetic fields generated by the respective inductor 

elements are substantially the same. 

[0010] A high-Q inductor for high frequency of the 

second present invention according to the first present 

invention, is such inductor that the plurality of inductor 55 

elements are connected in series. 

[0011] A high-Q inductor for high frequency of the 

third present invention according to the first present 



invention is such inductor that the plurality of inductor 
elements are connected in parallel. 
[0012] A high-Q inductor for high frequency of the 
fourth present invention according to the first present 
invention, is such inductor that the plurality of inductor 
elements include a serial-connected circuit portion and 
a parallel-connected circuit portion. 
[0013] A high-Q inductor for high frequency of the 
fifth present invention according to the first present 
invention, is such inductor that at least one of the induc- 
tor elements is in a meander shape or a spiral shape. 
[0014] A high-Q inductor for high frequency of the 
sixth present invention according to any one of the first 
to fifth present inventions, is such inductor that a con- 
nection between the plurality of inductor elements is 
formed in an interlayer film disposed between the IC wir- 
ing layers in which the inductor elements are formed. 
[0015] A high-Q inductor for high frequency of the 
seventh present invention according to the first present 
invention is such inductor that a drawing interconnect 
from the inductor element is formed in the IC wiring 
layer in which one of the inductor elements is formed. 
[001 6] The senventh present invention corresponds 
to FIG. 1. 

[0017] A high-Q inductor for high frequency of the 
eighth present invention according to the seventh 
present invention is such inductor that the plurality of 
inductor elements are in a spiral shape respectively and 
connected in parallel with each other, and one of the 
drawing interconnect is connected to a spiral center of 
the inductor element and drawn externally by being 
formed in one of the IC wiring layers, and 

the spiral-shaped inductor element formed in the IC 
wiring layer used for the external drawing is cut off 
at positions where the drawing interconnect 
crosses, and cut-off ends of the inductor element 
are connected with each other by being connected 
with respective corresponding portions of the spiral- 
shaped inductor element formed in another one of 
the IC wiring layers. 

[0018] The eighth present invention corresponds to 
FIG.3. 

[0019] A high-Q inductor for high frequency of the 
ninth present invention according to any one of the first 
to sixth present inventions is such inductor that a draw- 
ing interconnect from the inductor element is formed in 
a wiring layer which is different from the IC wiring layers 
in which the inductor elements are formed. 
[0020] The ninth present invention corresponds to 
FIG.2. 

[0021] A high-Q inductor for high frequency of the 
tenth present invention according to the ninth present 
invention, is such inductor that a drawing interconnect 
and the inductor element to be connected with the draw- 
ing interconnect are connected via an connection 
formed in an interlayer film disposed between a wiring 
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layer in which the drawing interconnect is formed and 
the IC wiring layer in which the inductor element is 
formed. 

[0022] The tenth present invention corresponds to 
FIG. 2. s 
[0023] A high-Q inductor for high frequency of the 
eleventh present invention according to the first present 
invention, is such inductor that the plurality of inductor 
elements are in a spiral shape respectively, 

10 

adjacent inductor elements of the plurality of induc- 
tor elements are connected with each other in such 
manner that the adjacent inductor elements are 
serially connected by connecting the spiral centers 
thereof with each other and outer ends thereof with is 
each other, 

spiral directions of the adjacent inductor elements 

are in reverse from each other, and 

directions of the magnetic fields generated by the 

respective inductor elements are substantially the 20 

same. 

[0024] The eleventh present invention corresponds 
to FIG. 4 and FIG. 5. * ' 

[0025] A high-Q inductor for high frequency of the 25 
twelfth present invention according to the first present 
invention.is such inductor that the plurality of inductor 
elements are in a spiral shape respectively , 

the plurality of inductor elements are alternately 30 
connected with each another in such manner that 
the inductor elements are, serially connected by 
connecting the centers thereof with each other and 
outer ends thereof with each other, 
the spiral directions of adjacent inductor elements 
repeats the same and the reverse in order, and 
the directions of the magnetic fields generated by 
the respective inductor elements are substantially 
the same. 

40 

[0026] The twelfth present invention corresponds to 
FIG. 6. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 

[0027] 



inductor according to the present invention; 
Figure 7 is a graph showing comparison of the 
present invention with a conventional inductor; 
Figure 8 is another graph showing comparison of 
the present invention with the conventional induc- 
tor; and 

Figure 9 shows a conventional inductor. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0028] Embodiments of the present invention will be 
described with reference to the relevant drawings. 

(Embodiment 1) 

[0029] Figure 1 shows the first embodiment of the 
high-Q inductor for high frequency according to the 
present invention. Referring to Figure 1, the reference 
numeral 1 1 denotes a meander-type first-layer inductor 
section (the "inductor section" as used herein corre- 
sponds to an "inductor element" to be recited in the 
claims). 12 and 13 denote first-layer drawing intercon- 
nects, 14 denotes a second-layer inductor section, 15 
and 16 denote connections between the first and sec- 
ond layers, 17 denotes an interlayer film, and 18 
denotes a smoothing film. 

[0030] Each of the connections 15 and 16 is com- 
posed of nine contact portions each having a size of 
about 1 (im square, for example. 
[0031] In this embodiment, therefore, the inductor 
section, which is conventionally constructed using only 
one layer, is of a two-layer structure where two inductor 
sections are formed in the first and second layers and 
connected in parallel with each other. 
[0032] The above construction makes it possible to 
obtain a high Q-value inductor for high frequency which 
overcomes the conventional problem of having a large 
serial resistance component in low frequency and high 
frequency and thus a lowered Q value, by increasing the 
cross section and suppressing lowering of the Q value 
which otherwise occurs due to a skin effect in high fre- 
quency. 

[0033] It should be noted that the first and second 
layers may be connected in parallel over the entire 
inductor sections. This construction is also included in 
the present invention. 

(Embodiment 2) 

[0034] Figure 2 shows the second embodiment of 
the high-Q inductor for high frequency according to the 
present invention. Referring to Figure 2, the reference 
numeral 21 denotes a spiral-shaped first-layer inductor 
section, 22 denotes a first-layer drawing interconnect, 
23 denotes a spiral-shaped s cond-layer inductor sec- 
tion, 24 denotes a drawing interconnect from the sec- 
ond-layer inductor section 23 formed in the third layer, 



Figure 1 shows an inductor of Embodiment 1 of the 
present invention; 

Figure 2 shows an inductor of Embodiment 2 of the so 
present invention; 

Figure 3 shows an inductor of Embodiment 3 of the 
present invention; 

Figure 4 shows an inductor of Embodiment 4 of the 
present invention; 55 
Figure 5 is a schematic view illustrating another 
inductor according to the present invention; 
Figure 6 is a schematic view illustrating yet another 
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25 and 26 denote connections between the first and 
second layers. 27 and 28 denote interlayer films, 29 
denotes a smoothing film, and 210 denotes a connec- 
tion between the second and third layers. The first-layer 
inductor section 22 and the second-layer inductor sec- 5 
tion 23 are spiraled in the same direction. 
[0035] In this embodiment, therefore, the inductor 
section, which is conventionally constructed using only 
one layer, is of a two-layer structure where the inductor 
sections22 and 23 are respectively formed in the first io 
and second layers and connected in parallel with each 
other. This construction makes it possible to obtain a 
high Q-value inductor for high frequency which over- 
comes the conventional problem of having a large serial 
resistance component in low frequency and high fre- is 
quency and thus a lowered Q value, by increasing the 
cross section and suppressing lowering of the Q value 
which otherwise occurs due to a skin effect in high fre- 
quency. 

[0036] It should be noted that the first and second 20 
layers may be connected in parallel over the entire 
inductor sections. This construction is also included in 
the present invention. 

[0037] In this embodiment, the three-layer inductor 
was exemplified. It is also possible to construct a similar 
structure composed of four or more layers with a draw- 
ing interconnect being formed in the bottom layer. 

(Embodiments) 

[0038] Figure 3 shows the third embodiment of the 
high-Q inductor for high frequency according to the 
present invention. Referring to Figure 3, the reference 
numeral 31 denotes a spiral-shaped first-layer inductor 
section, 32 denotes a first-layer drawing interconnect, 
33 denotes a spiral-shaped second-layer inductor sec- 
tion, 34 denotes a second-layer drawing interconnect, 
35 denotes connections between the first and second 
layers, 37 denotes an interlayer film, and 38 denotes a 
smoothing film. 

[0039] The first and second inductor sections 31 
and 33 are connected in parallel with each other. 
[0040] Embodiment 3 is characterized in that the 
second-layer drawing interconnect 34 is formed using 
the layer in which the second-layer inductor section 33 
is formed: In order to prevent the second-layer inductor 
section 33 from being in contact with the drawing inter- 
connect 34 in the same layer, the second^layer inductor 
section 33 is cut off at the positions where the drawing 
interconnect 34 crosses. The cut-off ends of the induc- 
tor section 33 are connected with the first-layer inductor 
section 31 via the connections 35. By this construction, 
the second-layer inductor section 33 can serve as one 
substantially spiral-shaped inductor section. 
[0041] In this embodiment, therefore, the inductor 
section, which is conventionally constructed using only 
one layer, is of a two-layer structure where inductor sec- 
tions are formed in the first and second layers and con- 



nected in parallel with each other. Furthermore, the 
inductor sections are formed in the layers in which the 
drawing interconnects are formed. As a result, it is pos- 
sible, even in a process where a smaller number of wir- 
ing layers are used, to obtain a high Q-value inductor for 
high frequency which overcomes the conventional prob- 
lem of having a large serial resistance component in low 
frequency and high frequency and thus a lowered Q 
value, by increasing the cross section and suppressing 
lowering of the Q value which otherwise occurs due to a 
skin effect in high frequency. 

[0042] Thus, Embodiment 3 is characterized in that 
one of the drawing interconnects is formed using the 
wiring layer for the inductor section, which is different 
from Embodiment 2 where the layer for forming the 
drawing interconnect is separately provided. 
[0043] It should be noted that the first and second 
layers may be connected in parallel over the entire 
inductor sections. This construction is also included in 
the present invention. 

[0044] In this embodiment, the two-layer inductor 
was exemplified. It is also possible to construct a similar 
structure composed of three or more layers with a draw- 
ing interconnect being formed in any of the layers. In 
this case, portions of an inductor section at which the 
drawing interconnect crosses can be connected with an 
adjacent upper or lower inductor section. 
[0045] Figures 7 and 8 are graphs showing compar- 
ison of performances of the two-layer inductor accord- 
ing to the present invention and a conventional one- 
layer inductor. 

[0046] Figure 7 is a graph obtained by plotting a 
variation of the resistance (R) with respect to the length 
(L). It is observed from this figure that R is smaller in the 
two-layer inductor according to the present invention. 
[0047] Figure 8 is a graph obtained by plotting a 
variation of the Q value (Q) with respect to the length 
(L). It is observed from this figure that Q is greater in the 
two-layer inductor according to the present invention. 

(Embodiment 4) 

[0048] Figure 4 shows the fourth embodiment of the 
high-Q inductor for high frequency according to the 
present invention. Referring to Figure 4, the reference 
numeral 41 denotes a spiral-shaped first-layer inductor 
section, 42 denotes a first-layer drawing interconnect, 
43 denotes a connection between the first and second 
layers, 44 denotes a spiral-shaped second-layer induc- 
tor section, 45 denotes a connection between the sec- 
ond and third layers, 46 denotes a spiral-shaped third- 
layer inductor section, 47 denotes a connection 
between the third and fourth layers, 48 denotes a spiral- 
shaped fourth-layer inductor section, 49 denotes a 
fourth-layer drawing interconnect, 410, 411, and 412 
denote interlayer films, and 413 denotes a smoothing 
film. 

[0049] In this embodiment, the adjacent inductor 
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sections are connected with each other. Specifically, the 
centers or the outer ends of the adjacent inductor sec- 
tions are connected with each other. These inductor 
sections are therefore connected in series with each 
other. 

[0050] In this embodiment, the second-layer and 
fourth-layer inductor sections have a shape inverted 
upside down from that of the first-layer and third-layer 
inductor sections. By this arrangement, the directions of 
the magnetic fields generated by the respective inductor 
sections are the same, resulting in effective coupling. 
[0051] In the conventional structure where the 
inductor section is constructed using only a single layer, 
when the entire length of the inductor section is 
increased to obtain a high Q value, the size of the induc- 
tor section also increases. On the contrary, in Embodi- 
ment 4, since the length of the inductor sections is 
increased stereoscopically as a whole, the resultant 
size is compact. 

[0052] The four-layer structure was described in 
this embodiment. However, as shown in Figure 5, the 
number of layers may be increased to five or six, for 
example, in a similar structure. The structure is simpler 
when the number of layers is even, because the drawing 
interconnect can be formed to be connected with the 
outer end of the bottom inductor section. 
[0053] When the number of layers is odd, the draw- 
ing interconnect can be arranged in a manner described 
in Figure 2 or 3. 

[0054] Alternatively, as shown in Figure 6, a pair of 
adjacent inductor sectors may have the same spiral 
direction, and adjacent pairs of adjacent inductor sec- 
tors may have different spiral directions. In this case, 
one inductor sector of one pair is connected with one of 
another pair as shown in Figure 6 so that all the inductor 
sectors are serially connected. 

[0055] In the above case, also, the directions of the 
magnetic fields generated by the respective inductor 
sectors are the same, resulting in effective coupling. 
[0056] Thus, according to the present invention, the 
inductor section, which is conventionally constructed of 
a single wiring layer, is of a multi-layer structure. As a 
result, a high Q-vajue inductor which has a reduced 
serial resistance component and is free from an influ- 
ence of a skin effect can be fabricated in an IC. 
[0057] Many modifications and variations of the 
present invention will be apparent to those skilled in the 
art without departing from the scope and spirit of the 
invention. It should therefore be understood that the 
present invention is not limited to the specific embodi- 
ments illustrated herein but only defined by the 
appended claims. 

Claims 

1 . A high-Q inductor for high frequency, wherein one 
inductor has a plurality of inductor elements formed 
in a plurality of IC wiring layers respectively, and the 



directions of magnetic fields generated by the 
respective inductor elements are substantially the 
same. 

5 2. A high-Q inductor for high frequency according to 
claim 1 , wherein the plurality of inductor elements 
are connected in series. 

3. A high-Q inductor for high frequency according to 
w claim 1, wherein the plurality of inductor elements 

are connected in parallel. 

4. A high-Q inductor for high frequency according to 
claim 1, wherein the plurality of inductor elements 

is include a serial-connected circuit portion and a par- 
allel-connected circuit portion. 

5. A high-Q inductor for high frequency according to 
claim 1, wherein at least one of the inductor ele- 

20 ments is in a meander shape or a spiral shape. 

6. A high-Q inductor for high frequency according to 
any of claims 1 to 5, wherein a connection between 
the plurality of inductor elements is formed in an 

25 interlayer film disposed between the IC wiring lay- 
ers in which the inductor elements are formed. 

7. A high-Q inductor for high frequency according to 
claim 1 , wherein a drawing interconnect from the 

30 inductor element is formed in the IC wiring layer in 
which one of the inductor elements is formed. 

8. A high-Q inductor for high frequency according to 
claim 7, wherein the plurality of inductor elements 

35 are in a spiral shape respectively and connected in 
parallel with each other, and one of the drawing 
interconnect is connected to a spiral center of the 
inductor element and drawn externally by being 
formed in one of the IC wiring layers, and 

40 

the spiral-shaped inductor element formed in 
the IC wiring layer used for the external draw- 
ing is cut off at positions where the drawing 
interconnect crosses, and cut-off ends of the 
45 inductor element are connected with each 

other by being connected with respective cor- 
responding portions of the spiral-shaped induc- 
tor element formed in another one of the IC 
wiring layers. 

50 

9. A high-Q inductor for high frequency according to 
any of claims 1 to 6, wherein a drawing interconnect 
from the inductor element is formed in a wiring layer 
which is different from the IC wiring layers in which 

55 the inductor elements are formed. 

10. A high-Q inductor for high frequency according to 
claim 9, wherein a drawing interconnect and the 
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inductor element to be connected with the drawing 
interconnect are connected via an connection 
formed in an interlayer film disposed between a wir- 
ing layer in which the drawing interconnect is 
formed and the IC wiring layer in which the inductor s 
element is formed. 



11. A high-Q inductor for high frequency according to 
claim 1, wherein the plurality of inductor elements 
are in a spiral shape respectively, 



10 



adjacent inductor elements of the plurality of 
inductor elements are connected with each 
other in such manner that the adjacent inductor 
elements are serially connected by connecting is 
the spiral centers thereof with each other and 
outer ends thereof with each other, 
spiral directions of the adjacent inductor ele- 
ments are in reverse from each other, and 
directions of the magnetic fields generated by 20 
the respective inductor elements are substan- 
tially the same. 

12. A high-Q inductor for high frequency according to 
claim 1, wherein the plurality of inductor elements 25 
are in a spiral shape respectively , 

the plurality of inductor elements are alter- 
nately connected with each other in such man- 
ner that the inductor elements are serially 30 
connected by connecting the centers thereof 
with each other and outer ends thereof with 
each other, 

the spiral directions of adjacent inductor ele- 
ments repeats the same and the reverse in 35 
order, and 

the directions of the magnetic fields generated 
by the respective inductor elements are sub- 
stantially the same. 

40 



45 



50 
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